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Description 

BACKGROUND  OF  THE  INVENTION 

5  Field  of  the  Invention: 

This  invention  relates  to  a  method  for  the  manufacture  of  a  container  made  of  synthetic  resin, 
particularly  of  a  container  made  of  synthetic  resin  possessing  an  extremely  high  gas  barrier  property  and 
satisfactory  transparency  and  the  ability  to  retain  the  interior  thereof  under  a  high  degree  of  vacuum  or 

70  pressure  stably  for  a  long  period  of  time.  More  particularly,  this  invention  relates  to  a  method  for  the 
manufacture  of  a  container  for  holding  a  gas  containing  beverage,  a  blood  collecting  vessel  under  a 
vacuum,  a  container  for  holding  a  chemical  agent,  or  a  container  for  performing  a  test. 

Description  of  the  Prior  Art: 
15 

Heretofore,  containers  made  of  various  types  of  synthetic  resins  have  been  in  use  in  various  fields. 
Among  these  containers  there  are  counted  those  which  by  nature  are  used  with  the  interiors  thereof  kept 
under  a  vacuum  or  a  pressure.  Containers  for  gas  containing  beverages  such  as  beer,  cola,  and  cider  are 
concrete  examples.  Some  of  the  containers  made  of  synthetic  resin  are  used  for  holding  chemical  solutions. 

20  Containers  for  holding  transfusion  fluids  such  as  fatty  transfusion  fluid,  nutritive  drinks  containing  amino 
acids,  aqueous  glucose  solution,  and  physiological  saline  are  concrete  exmaples. 

When  blood  is  collected  from  a  human  body,  the  method  of  vacuum  blood  collection  has  found  popular 
acceptance  because  it  entails  hemolysis  and  coagulation  only  to  a  minimal  extent,  warrants  collection  of 
specimens  suffering  from  contamination  or  evaporation  of  water,  and,  in  terms  of  efficiency,  enables 

25  preparation  for  blood  collection  and  management  of  devices  to  be  simplified.  The  vacuum  blood  collecting 
vessel  which  is  used  in  the  method  of  vacuum  blood  collection  comprises  a  tubular  container  and  a 
pierceable  tightly  sealing  rubber  plug.  The  tightly  sealed  container  has  the  interior  thereof  kept  in  a  vacuum. 
Desired  blood  collection  with  this  tightly  sealed  container  is  attained  by  having  one  end  of  a  blood  collection 
needle  plunged  into  the  blood  vessel  and  the  other  end  thereof  plunged  through  the  rubber  plug  into  the 

30  tightly  sealed  container  thereby  establishing  communication  between  the  interior  of  the  container  and  the 
blood  vessel  and  causing  the  blood  to  flow  into  the  container  by  virtue  of  the  negative  pressure  present 
therein.  In  one  example  of  the  vacuum  blood  collecting  vessel  heretofore  in  use,  a  tubular  container  made 
of  glass  which  lacks  permeability  to  gas  and  excels  in  transparency  is  used  as  the  tubular  container  and  a 
plug  made  of  butyl  rubber  which  is  insignificantly  permeable  to  gas  and  pierceable  is  used  as  the  plug. 

35  Heretofore,  a  testing  device  formed  by  placing  a  testing  chemical  in  a  container  has  been  used  for 
effecting  desired  diagnosis  by  culturing  a  microorganism  present  in  blood  or  some  other  body  fluid  or 
detecting  any  abnormal  component  in  such  blood  or  body  fluid.  One  example  of  the  testing  device 
comprises  a  container  and  a  body  fluid  or  gel-like  culture  medium  and  an  anticoagulant  held  therein. 

In  the  vacuum  container  of  the  aforementioned  nature  which  has  been  in  use,  a  container  made  of  glass 
40  which  lacks  permeability  to  gas  and  enjoys  satisfactory  transparency  has  been  adpoted  as  the  container 

body.  The  container  made  of  glass,  however,  has  the  disadvantage  that  it  is  liable  to  sustain  breakage  while 
in  storage,  transportation,  or  use  and,  moreover,  is  heavy.  Thus,  researches  have  been  conducted  on  the 
feasibility  of  containers  made  of  light  and  transparent  synthetic  resin.  Since  virtually  all  grades  of  synthetic 
resin  are  permeable  to  gas  to  varying  extents,  containers  made  of  such  synthetic  resin  are  invaded  by 

45  ambient  gas  such  as,  for  example,  air  after  prolonged  storage.  Particularly  in  the  case  of  the  vacuum  blood 
collection  tube,  it  is  deprived  of  its  ability  to  effect  required  collection  of  blood  after  prolonged  storage 
because  the  inner  pressure  thereof  rises  owing  to  the  invasion  by  the  ambient  gas.  Thus,  it  has  been 
necessary  for  the  tube  to  be  preserved  in  an  evacuated  container.  The  preservation  by  the  use  of  the 
evacuated  container,  however,  is  extremely  expensive  because  this  container  by  nature  is  required  to  keep 

so  the  interior  thereof  under  a  high  degree  of  vacuum.  This  container  also  has  the  disadvantage  that  since  it  is  ■* 
sealed  and  opened  at  the  expense  of  much  time  and  labor,  it  proves  quite  costly.  Then,  in  the  case  of  the 
container  for  a  beverage  containing  carbon  dioxide  gas,  there  is  the  possibility  that  the  carbon  dioxide  gas  , 
component  in  the  beverage  will  penetrate  the  wall  of  the  container  and  diffuse  into  the  ambient  air.  In  the  ^ 
case  of  the  container  for  a  fatty  transfusion  fluid  or  an  amino  acid,  the  fluid  held  within  is  degenerated  by 

55  oxidation  with  the  oxygen  contained  in  the  ambient  air  entering  the  container.  Thus,  the  adoption  of  the 
container  made  of  synthetic  resin  makes  it  necessary  for  this  container  to  be  preserved  in  a  vacuum 
packaged  container.  The  preservation  by  the  use  of  the  evacuated  container,  however,  is  extremely 
expensive  because  this  container  by  nature  is  required  to  keep  the  interior  thereof  under  a  high  degree  of 
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vacuum.  This  container  also  has  the  disadvantage  that  since  it  is  sealed  and  opened  at  the  expense  of 
much  time  and  labor,  it  proves  quite  costly.  In  the  case  of  the  container  for  an  aqueous  solution  such  as 
aqueous  glucose  solution  or  physiological  saline  solution,  there  is  the  disadvantage  that  since  the  water 
within  vaporizes  and,  in  the  form  of  steam,  penetrates  the  synthetic  resin  wall  of  the  container,  the  aqueous 

5  solution  suffers  from  gradual  change  of  concentration. 
Further,  such  plastic  container  contained  chemical  solutions,  similarly  to  the  conventional  containers, 

are  required  to  undergo  sterilization  before  they  are  used.  Generally  the  sterilization  of  such  plastic 
containers  is  carried  out  in  saturated  steam  at  an  elevated  temperature.  This  treatment  is  called  "high- 
pressure  steam  sterilization".  Even  in  the  case  of  the  container  made  of  a  plastic  material  such  as  polyvinyl 

io  chloride  which  has  low  permeability  to  gas  at  normal  room  temperature,  when  it  is  subjected  to  the  high- 
pressure  steam  sterilization,  the  permeability  of  the  plastic  material  is  increased  possibly  to  a  point  where 
the  oxygen  in  the  atmosphere  penetrates  the  wall  of  the  container  of  plastic  material  and  causes 
degeneration  of  the  solution  held  therein.  When  the  solution  is  a  highly  concentrated  amino  acid  transfusion 
fluid  containing  tryptophan  or  a  fatty  emulsion  for  transfusion  which  contains  a  component  susceptible  to 

75  degeneration  by  oxygen,  the  container  has  a  strong  possibility  of  yielding  its  content  to  degeneration.  There 
is  further  the  disadvantage  that  under  the  ordinary  high-pressure  steam  sterilization,  plastic  containers  are 
liable  to  sustain  breakage. 

In  the  case  of  the  testing  device,  there  is  the  disadvantage  that  the  testing  chemicals  held  within  are 
susceptible  to  degeneration.  When  the  container  made  of  synthetic  resin  holds  a  readily  oxidizable  chemical 

20  solution  such  as,  for  example,  a  liquid  or  gel-like  culture  medium  or  an  anticoagulant,  this  chemical  solution 
is  degenerated  by  oxidation  with  the  oxygen  contained  in  the  ambient  air  which  enters  the  container  through 
its  wall.  Thus,  the  adoption  of  this  container  made  of  synthetic  reain  makes  it  necessary  for  the  container  to 
be  preserved  within  an  evacuated  container.  The  preservation  by  the  use  of  the  evacuated  container, 
however,  is  extremely  expensive  because  this  container  by  nature  is  required  to  keep  the  interior  thereof 

25  under  a  high  degree  of  vacuum.  This  container  also  has  the  disadvantage  that  since  it  is  sealed  and  opened 
at  the  expense  of  much  time  and  labor,  it  is  quite  costly.  When  the  aforementioned  testing  chemical  is  an 
aqueous  solution,  there  is  the  disadvantage  that  since  the  water  held  within  vaporizes  and,  in  the  form  of 
steam,  finds  its  way  through  the  wall  of  the  container  made  of  synthetic  resin,  the  concentration  of  the 
aqueous  solution  varies  with  elapse  of  time. 

30  In  FR-A-2  443  484  there  is  disclosed  an  article,  e.  g.  a  bottle  which  may  be  made  of  plastic  material 
and  which  has  coated  thereon  a  layer  of  SiCte.  The  Si02-layer  which  has  been  provided  by  thermal 
decomposition  of  a  specific  hydroxysilane  compound  at  a  temperature  of  not  lower  than  150°C  serves  to 
inhibit  the  contamination  of  materials  coming  or  being  in  contact  with  the  surface  of  the  respective 
substrate. 

35  An  object  of  this  invention,  therefore,  is  to  provide  a  novel  container  made  of  synthetic  resin  of 
decreased  permeability  to  gas  and  intended  to  hold  its  content  under  a  high  degree  of  vacuum  or  pressure 
and  a  method  for  the  manufacture  of  the  container. 

Another  object  of  this  invention  is  to  provide  a  container  made  of  synthetic  resin  which  possesses  a 
high  gas  barrier  property  and  satisfactory  transparency  and  the  ability  to  retain  its  content  under  a  high 

40  degree  of  vacuum  or  pressure  stably  for  a  long  period  of  time  and  a  method  for  the  manufacture  of  the 
container. 

Yet  another  object  of  this  invention  is  to  provide  a  vacuum  or  pressure  container  made  of  transparent 
synthetic  resin  having  no  possibility  of  sustaining  breakage  and  possessing  an  extremely  high  gas  barrier 
property  and  a  method  for  the  manufacture  of  the  container. 

45  Still  another  object  of  this  invention  is  to  provide  containers  made  of  synthetic  resin  and  used  for 
holding  bicarbonate  type  beverages,  vacuum  blood  collecting  vessel,  chemical  agent  containers,  and  testing 
devices  and  a  method  for  the  manufacture  of  such  containers. 

SUMMARY  OF  THE  INVENTION 
50 

The  various  objects  of  the  invention  described  above  are  accomplished  by  providing  on  at  least  either 
of  the  inner  and  outer  surfaces  of  a  container  made  of  synthetic  resin  and  having  at  one  portion  thereof  at 
least  one  tightly  closable  opening  a  continuous  coating  possessed  of  a  gas  barrier  porperty  by  the  plasma 
treatment  of  a  mixture  of  a  silicon  compound  having  the  general  formula  I: 
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r  o h  
I 

HO  -  Si  -  0  H 

m 

( I )  

wherein  m  denotes  an  integer  of  the  value  of  1  to  5,  with  a  silicon  compound  having  the  general  formula  II: 

wherein  n  denotes  an  integer  of  value  of  1  to  5  and  R1  and  R2  independently  denote  an  alkyl  or  alkoxy 
group  having  1  to  4  carbon  atoms,  a  phenyl  group,  or  a  hydroxy!  group,  provided  that  both  R1  and  R2  do 

20  not  simultaneously  denote  a  hydroxyl  group. 
This  invention  also  resides  in  providing  a  container  made  of  synthetic  resin  having  the  container  body 

made  of  transparent  synthetic  resin.  This  invention  further  resides  in  providing  a  container  made  of 
synthetic  resin  having  the  coating  made  of  a  transparent  layer.  Moreover  this  invention  resides  in  providing 
a  container  made  of  synthetic  resin  having  the  coating  formed  in  a  thickness  in  the  range  of  0.01  to  2.0  urn. 

25  Further  this  invention  also  resides  in  providing  a  container  made  of  synthetic  resin  satisfying  the  general 
formula  I  and  the  general  formula  II  wherein  the  symbols  R1  and  R2  denote  an  alkyl  group  having  1  to  4 
carbon  atoms  or  a  hydroxyl  group.  This  invention  further  resides  in  a  container  made  of  synthetic  resin 
satisfying  the  general  formula  II  on  condition  that  the  symbol  R1  denotes  an  alkyl  group  having  1  or  2 
carbon  atoms  and  the  symbol  R2  denotes  a  hydroxyl  group. 

30  This  invention  also  resides  in  providing  a  vacuum  blood  collecting  vessel  in  the  form  of  a  container 
made  of  a  synthetic  resin,  which  container  is  formed  of  a  tubular  member  having  one  end  thereof  closed 
and  the  other  end  thereof  opened  and  a  pierceable  plug  member  adapted  to  close  tightly  the  open  end  of 
the  tubular  member,  whereby  the  inner  space  of  the  container  is  to  be  retained  under  a  vacuum. 

This  invention  further  resides  in  providing  a  container  holding  therein  a  chemical  agent,  which  is 
35  obtained  by  placing  the  chemical  agent  in  a  container  made  of  synthetic  resin  through  an  opening  formed  in 

the  container  and  thereafter  closing  tightly  the  opening  thereby  isolating  the  inner  atmosphere  of  the 
container  from  the  ambient  air. 

This  invention  resides  in  providing  a  testing  device,  which  is  obtained  by  placing  a  testing  agent  in  a 
container  made  of  synthetic  resin  through  an  opening  formed  in  the  container  and  thereafter  closing  tightly 

40  the  opening  with  a  plug  member  thereby  forming  a  tightly  sealed  space  within  the  container. 
The  method  according  to  this  invention  comprises  applying  upon  at  least  either  of  the  inner  and  outer 

surfaces  of  the  container  body  a  mixed  solution  containing  a  silicon  compound  having  the  general  furmula  I: 

wherein  m  denotes  an  integer  of  the  value  of  1  to  5,  and  a  silicon  compound  having  the  general  formula  II: 

55 
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HO  t  Si   -  O  r  H  ( I I )  
s  I  I 

u  r2  -  n 

wherein  n  denotes  an  integer  of  the  value  of  1  to  5  and  R1  and  R2  independently  denote  an  alkyl  or  alkoxy 
w  group  having  1  to  4  carbon  atoms,  a  phenyl  group,  or  a  hydroxyl  group,  provided  that  both  R1  and  R2  do 

not  simultaneously  denote  a  hydroxyl  group,  drying  the  applied  layer  of  the  mixed  solution,  and  subse- 
quently  subjecting  the  dried  layer  to  a  plasma  treatment  in  the  presence  of  the  gas  of  oxygen  atom- 
containing  molecule  thereby  covering  the  aforementioned  surface  of  the  container  body  with  a  continuous 
coating  possessing  a  gas  barrier  property. 

15  The  various  objects  described  above  are  accomplished  by  a  method  for  the  manufacture  of  a  container 
made  of  synthetic  resin  and  provided  at  one  portion  thereof  with  at  least  one  tightly  closable  opening,  which 
method  comprises  applying  on  at  least  either  of  the  inner  and  outer  surfaces  of  the  container  body  a  mixed 
solution  containing  a  silicon  compound  having  the  general  formula  I  and  a  silicon  compound  having  the 
general  formula  II  by  virtue  of  ultrasonic  waves,  drying  the  applied  layer  of  the  mixed  solution,  and 

20  subsequently  subjecting  the  dried  layer  to  a  plasma  treatment  in  the  presence  of  the  gas  of  an  oxygen 
atom-containing  molecule  thereby  covering  the  surface  of  the  container  body  with  a  continuous  coating 
possessing  a  gas  barrier  property. 

The  various  objects  described  above  are  further  accomplished  by  a  method  for  the  manufacture  of  a 
container  made  of  synthetic  resin  and  provided  at  one  portion  thereof  with  at  least  one  tightly  closable 

25  opening,  which  method  comprises  cleaning  the  surfaces  of  the  container  body,  then  applying  upon  at  least 
either  of  the  inner  and  outer  surfaces  of  the  container  body  a  mixed  solution  containing  a  silicon  compound 
having  the  general  formula  I  and  a  silicon  compound  having  the  general  formula  II,  drying  the  applied  layer 
of  the  mixed  solution,  and  subsequently  subjecting  the  dried  layer  to  a  plasma  treatment  in  the  presence  of 
the  gas  of  an  oxygen  atom-containing  molecule  thereby  covering  the  aforementioned  surface  of  the 

30  container  body  with  a  continuous  coating  possessing  a  gas  barrier  property. 
The  aforementioned  various  objects  are  accomplished  by  a  method  for  the  manufacture  of  a  container 

made  of  synthetic  resin  and  provided  at  one  portion  thereof  with  at  least  one  tightly  closable  opening,  which 
method  comprises  cleaning  the  surfaces  of  the  container  body,  then  applying  upon  at  least  either  of  the 
inner  and  outer  surfaces  of  the  container  body  a  mixed  solution  containing  a  silicon  compound  having  the 

35  general  formula  I  and  a  silicon  compound  having  the  general  formula  II  by  virtue  of  ultrasonic  waves,  drying 
the  applied  layer  of  the  mixed  solution,  and  subsequently  subjecting  the  dried  layer  to  a  plasma  treatment 
in  the  presence  of  the  gas  of  an  oxygen  atom-containing  molecule  thereby  covering  the  surface  of  the 
container  body  with  a  continuous  coating  possessing  a  gas  barrier  property. 

This  invention  also  resides  in  a  method  for  the  manufacture  of  a  container  made  of  synthetic  resin, 
40  wherein  the  reaction  is  carried  out  under  a  vacuum  in  the  range  of  1  .33  to  266  Pa  (0.01  to  2.0  Torr).  This 

invention  further  resides  in  a  method  for  the  manufacture  of  a  container  made  of  synthetic  resin  the  gas  of 
oxygen  atom-containing  molecule  has  an  oxygen  content  in  the  range  of  20  to  100%.  This  invention 
consists  in  a  method  for  the  manufacture  of  a  container  made  of  synthetic  resin,  wherein  the  reaction 
temperature  is  in  range  of  0°  to  150°  C.  This  invention  also  resides  in  a  method  for  the  manufacture  of  a 

45  container  made  of  synthetic  resin  satisfying  the  general  formula  I  and  the  general  formula  II  wherein  R1  and 
R2  denote  an  alkyl  group  having  1  to  4  carbon  atoms  for  a  hydroxyl  group.  This  invention  further  resides  in 
a  method  for  the  manufacture  of  a  container  made  of  synthetic  resin  satisfying  the  general  formula  II  on 
condition  that  the  symbol  R1  denotes  an  alkyl  group  having  1  or  2  carbon  atoms  and  the  symbol  R2  denotes 
a  hydroxyl  group.  This  invention  pertains  to  a  method  for  the  manufacture  of  a  container  made  of  synthetic 

50  resin,  wherein  the  plasma  treatment  is  carried  out  for  a  period  of  0.1  to  60  minutes.  This  invention  further 
pertains  to  a  method  for  the  manufacture  of  a  container  made  of  synthetic  resin,  wherein  the  synthetic  resin 
is  transparent  synthetic  resin.  This  invention  concerns  a  method  for  the  manufacture  of  a  container  made  of 
synthetic  resin  wherein  the  clearing  is  carried  out  in  an  aqueous  alkali  solution.  This  invention  further 
concerns  a  method  for  the  manufacture  of  a  container  made  of  synthetic  resin  wherein  the  cleaning  is 

55  carried  out  by  virtue  of  ultrasonic  waves. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
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Fig.  1  is  a  cross  sectional  view  illustrating  a  typical  container  made  of  synthetic  resin  and  produced  in 
accordance  with  the  method  of  this  invention, 
Figs.  2A-2C  are  enlarged  cross  sectional  views  illustrating  in  part  the  container  made  of  synthetic  resin 
illustrated  in  Fig.  1  , 

5  Fig.  3  is  a  cross  sectional  view  illustrating  a  typical  vacuum  blood  collecting  vessel  produced  by  the 
method  of  the  present  invention, 
Figs.  4A-4C  are  enlarged  cross  sectional  views  illustrating  in  part  the  vacuum  blood  collecting  vessel 
illustrated  in  Fig.  3, 
Fig.  5  is  a  cross  sectional  view  illustrating  a  typical  testing  device  according  with  the  present  invention, 

w  Figs.  6A-6C  are  enlarged  cross  sectional  views  illustrating  in  part  the  testing  device  illustrated  in  Fig.  5, 
Fig.  7  is  a  schematic  cross  sectional  view  illustrating  a  typical  device  for  plasma  treatment  involved  in 
carrying  out  the  present  invention, 
Fig.  8  and  Fig.  9  are  cross  sectional  views  illustrating  embodiments  of  use  of  the  vacuum  blood 
collecting  vessel,  and 

15  Fig.  10A-10C  are  infrared  absorption  spectrum  charts  of  the  coated  film. 

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENT 

Now,  the  present  invention  will  be  described  in  detail  below  with  reference  to  the  accompanying 
20  drawings.  As  illustrated  in  Fig.  1  ,  a  container  1  made  of  synthetic  resin  according  to  the  present  invention  is 

formed  of  a  container  made  of  transparent  synthetic  resin  and  provided  at  one  portion  thereof  with  at  least 
one  tightly  closable  opening  3.  On  at  least  either  of  the  inner  and  outer  surfaces  of  the  container  body  2 
made  of  transparent  synthetic  resin,  a  transparent  coating  is  formed  by  causing  silicon  compounds  of  the 
general  formulas  I  and  II  to  react  with  each  other  by  a  plasma  treatment.  As  illustrated  in  FIG.  2A,  for 

25  example,  a  transparent  coating  2a  is  formed  by  the  reaction  of  the  silicon  compounds  throughout  the  outer 
surface  of  the  container  body  2.  Otherwise,  as  illustrated  in  Fig.  2B,  the  transparent  coating  2b  is  formed 
throughout  the  inner  surface  of  the  container  body  2.  Alternately,  as  illustrated  in  Fig.  2C,  the  transparent 
coating  2a  is  formed  on  the  outer  surface  of  the  container  body  2  and  the  transparent  coating  2b  is  formed 
on  the  inner  surface  thereof.  It  should  be  noted,  however,  that  in  Figs.  2A-2C,  the  transparent  coatings  2a, 

30  2b  are  drawn  in  an  exaggerated  thickness. 
Fig.  3  and  Figs.  4A-4C  illustrate  another  embodiment  prepared  according  to  the  invention  in  the  form  of 

a  vacuum  blood  collecting  vessel.  A  vacuum  blood  collecting  vessel  11  comprises  a  tubular  member  12 
made  of  transparent  synthetic  resin  having  one  end  thereof  closed  and  the  other  end  thereof  opened  and  a 
pierceable  plug  member  14  adapted  to  close  tightly  the  open  end  13  of  the  tubular  member  12.  In  the 

35  vacuum  blood  collecting  vessel  11,  an  empty  space  15  enclosed  with  the  tubular  member  12  and  the  plug 
member  14  is  retained  in  a  vacuum  or  decompression.  On  at  least  either  of  the  inner  and  outer  surface  of 
the  tubular  member  12  made  of  synthetic  resin,  the  transparent  coating  is  formed  by  causing  the  silicon 
compounds  of  the  general  formulas  I  and  II  to  react  with  each  other  by  the  plasma  treatment.  As  illustrated 
in  Fig.  4A,  for  example,  a  transparent  coating  12a  is  formed  by  the  reaction  of  the  silicon  compound 

40  throughout  the  outer  surface  of  the  tubular  member  12.  Otherwise,  as  illustrated  in  Fig.  4B,  the  transparent 
coating  12b  is  formed  similarly  throughout  the  inner  surface  of  the  tubular  member  12.  Alternately,  as 
illustrated  in  Fig.  4C,  the  transparent  coating  12a  is  formed  on  the  outer  surface  of  the  tubular  member  12 
and  the  transparent  coating  12b  is  formed  on  the  inner  surface  thereof.  It  should  be  noted,  however,  that  in 
Figs.  4A-4C,  the  transparent  coating  12a,  12b  are  drawn  in  an  exaggerated  thickness. 

45  Fig.  5  and  Figs.  6A-6C  illustrate  yet  another  embodiment  prepared  according  to  the  invention  in  the 
form  of  a  vacuum-collection  type  testing  device.  A  testing  device  21  comprises  a  container  body  22  made 
of  transparent  synthetic  resin  and  provided  at  one  portion  thereof  with  at  least  one  tightly  closable  opening 
23  and  a  plug  member  24  adapted  to  close  tightly  the  opening  23  of  the  container  body  22.  This  testing 
device  21  has  a  testing  agent  25a  kept  in  an  empty  sapce  25  which  occurs  within  the  container  body  22. 

50  This  empty  space  25  is  desired  to  be  evacuated  or  decompressed  and  held  under  an  atmosphere  of  a  gas 
inactive  to  the  testing  agent.  On  at  least  either  of  the  inner  and  outer  surfaces  of  the  container  body  22 
made  of  transparent  synthetic  resin,  a  transparent  coating  is  formed  by  the  reaction  of  the  silicon 
compounds  of  the  general  formulas  I  and  II  by  the  plasma  treatment.  As  illustrated  in  Fig.  6A,  for  example, 
a  transparent  coating  22a  is  formed  by  the  reaction  of  the  silicon  compounds  throughout  the  outer  surface 

55  of  the  container  body  22.  Otherwise,  as  illustrated  in  Fig.  6B,  the  transparent  coating  22b  is  formed  similarly 
throughout  the  inner  surface  of  the  container  body  22.  Alternatively,  as  illustrated  in  Fig.  6C,  the  transparent 
coating  22a  is  formed  throughout  the  outer  surface  of  the  container  body  22,  while  the  transparent  coating 
22b  is  formed  on  the  inner  surface  thereof.  It  should  be  noted,  however,  that  in  Figs.  6A-6C,  the  transparent 
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coatings  22a,  22b  are  drawn  in  an  exaggerated  thickness. 
The  synthetic  resin  to  be  used  in  the  present  invention  for  the  formation  of  the  container  body  or  the 

tubular  member  is  not  specifically  defined.  It  is  desired  to  be  transparent  synthetic  resin.  To  be  more 
specific,  it  is  desired  to  be  a  homopolymer  or  copolymer  of  styrene,  a  homopolymer  or  copolymer  of 

5  methyl  methacrylate,  an  ethylene-vinyl  alcohol  copolymer  or  polyethylene  terephthalate.  Where  the  con- 
tainer  is  required  to  be  resistant  to  heat,  the  synthetic  resin  is  desired  to  be  soft  or  hard  vinyl  chloride  resin, 
a  cross-linked  ethylene-vinyl  alcohol  copolymer,  polypropylene,  polycarbonate,  or  a  polyester.  Styrene 
polymers  embrace  copolymers  of  styrene  with  other  copolymerizable  monomers  in  addition  to  polystyrene. 
Examples  of  the  copolymerizable  monomer  usable  for  the  styrene  copolymers  include  butadiene,  methyl 

to  methacrylate,  and  maleic  anhydride.  Methyl  methacrylate  polymers  embrace  copolymers  of  methyl 
methacrylate  with  other  copolymerizable  monomers  in  addition  to  polymetyl  methacrylate.  Examples  of  the 
polycarbonate  include  the  polycarbonates  and  diethylene  glycol  bis-allyl  carbonate  disclosed  in  US-A-3  305 
502  and  Christofer  and  Fox:  "Polycarbonates,"  pages  161-176  (1962)  in  addition  to  such  bisphenol  type 
carbonates  as  4,4'-isopropylidene  diphenol  polycarbonate.  Most  preferable  material  is  polyethylene  tereph- 

rs  thalate. 
One  of  the  two  components  for  the  formation  of  the  coating  is  a  silicon  compound  having  the  general 

formula  I: 

20 r  OH 
i  i 

1 

25 

H O f S l - 0 T H  
I  1  J  
L  OH  J  m 

( I )  

wherein  m  denotes  an  integer  of  the  value  of  1  to  5. 
The  other  component  is  a  silicon  compound  having  the  general  formula  II: 

30 

35 

r  
HO  j-  Si  -  0  -  H 

U 2   J  
n 

( I I )  

In  the  general  formula  II,  n  denotes  an  integer  of  the  value  of  1  to  5  and  Ft1  and  R2  independently 
denote  an  alkyl  or  alkoxy  group  having  1  to  4  carbon  atoms,  phenyl  group,  or  hydroxyl  group.  It  is  provided, 

40  however,  that  both  R1  and  R2  do  not  simultaneously  denote  a  hydroxyl  group.  Preferably,  R1  and  R2 
independently  denote  an  alkyl  group  having  1  to  4  carbon  atoms  or  a  hydroxyl  group,  provided  that  both  R1 
and  R2  do  not  simultaneously  denote  a  hydroxyl  group.  Particularly,  the  silicon  compond  proves  most 
desirable  when  R1  is  an  alkyl  group  having  1  or  2  carbon  atoms  and  R2  is  a  hydroxyl  group.  The  amount  of 
the  silicon  compound  of  the  general  formula  II  to  be  used  is  required  to  fall  in  the  range  of  0.5  to  3  mols, 

45  preferably  1  to  2  mols,  per  mol  of  the  silicon  compound  of  the  general  formula  I. 
The  mixture  of  the  two  silicon  compounds  described  above  is  used  in  the  form  of  a  solution  in  such  an 

organic  solvent  as  methanol,  ethanol,  or  isopropanol.  The  concentration  of  the  mixture  in  the  solution  falls  in 
the  range  of  3  to  50%  by  weight,  preferably  5  to  35%  by  weight. 

The  transparent  coating  is  formed  as  described  below.  When  this  coating  is  to  be  formed  on  the  outer 
50  surface  of  the  container  body,  for  example,  the  container  body,  with  the  opening  tightly  stoppered,  is 

immersed  in  the  solution  of  the  mixture  of  the  silicon  compounds.  The  duration  of  this  immersion  generally 
falls  in  the  range  of  0.1  to  60  minutes,  preferably  0.3  to  5  minutes.  In  this  case,  application  of  ultrasonic 
waves  upon  the  bath  of  immersion  results  in  improvement  in  the  gas  barrier  property  of  the  formed  coating 
because  the  waves  accelerate  extraction  of  air  from  the  fine  pores  on  the  surface  of  the  container  of 

55  synthetic  resin  and  entry  of  the  solution  into  the  fine  pores.  The  application  of  the  solution  of  the  mixture  on 
the  surface  is  not  limited  to  the  immersion  described  above.  It  may  be  effected  by  spraying  or  some  other 
suitable  means. 

The  treatment  of  immersion  described  above  is  carried  out  at  a  temperature  generally  in  the  range  of  0 

7 



EP  0  164  583  B1 

to  50  C,  preferably  10  to  30  C.  When  this  treatment  is  to  be  carried  out  under  the  influence  of 
ultrasonic  waves,  it  is  effected  advantageously  at  a  bath  temperature  in  the  range  of  0  °  to  50  °C, 
preferably  10°  to  30°  C,  at  a  frequency  in  the  range  of  20  to  200  KHz,  preferably  25  to  50  KHz,  for  a  period 
in  the  range  of  0.1  to  10  minutes,  preferably  0.5  to  5  minutes. 

5  The  container  body  on  which  the  solution  of  the  mixture  has  been  applied  as  described  above  is  dried 
at  a  temperature  in  the  range  of  50°  to  150°  C,  preferably  60°  to  70°  C,  for  period  in  the  range  of  3  to  30 
minutes,  preferably  5  to  15  minutes,  and  subsequently  subjected  to  a  plasma  treatment. 

The  plasma  treatment  serves  to  transform  the  coating  applied  on  the  surface  of  the  container  body  as 
described  above  into  a  transparent  coating.  This  plasma  treatment  is  carried  out  as  follows.  Within  a  reactor 

w  33  provided  with  a  gas  inlet  31  and  a  gas  outlet  32,  an  electrode  34  is  disposed  as  illustrated  in  Fig.  7.  On 
this  electrode  34,  a  container  body  supporting  device  35  is  disposed.  The  container  body  2  which  has  the 
solution  of  mixture  applied  on  the  surface  thereof  is  supported  in  place  by  the  container  body  supporting 
device  35.  For  example,  this  supporting  of  the  container  body  2  is  effected  by  first  removing  the  plug 
member  from  the  container  body  2  and  then  allowing  the  container  body  supporting  device  25  to  be 

75  inserted  into  the  container  body  2.  The  electrode  34  is  adjoined  to  a  cooling  device  36a  and,  at  the  same 
time,  the  cooling  device  36a  is  connected  to  a  temperature  regulator  36b  to  permit  circulation  therethrough 
of  a  coolant  such  as,  for  example,  water.  To  the  electrode  34  is  connected  a  grounding  wire  37.  To  the 
electrode  34  is  opposed  an  opposite  electrode  38.  This  opposite  electrode  38  is  connected  through  a 
matching  device  39  to  a  high-frequency  power  source  40.  To  the  gas  inlet  are  connected  an  oxygen 

20  container  41  and  a  flowmeter  42.  To  the  other  opening  there  are  connected  an  oil  diffusion  pump  44  and  an 
oil  rotary  pump  45  via  a  trap  43.  In  Fig.  7,  the  symbol  46  denotes  a  pressure  sensor,  the  symbol  47  a 
vacuum  gauge,  and  the  symbol  48  a  thermometer. 

Then,  by  the  operation  of  the  evacuating  devices  such  as  the  oil  rotary  pump,  the  atmospheric  gas  held 
within  the  reactor  33  is  extracted  through  the  gas  outlet  32  until  the  inner  pressure  of  the  reactor  33  is 

25  reduced  to  about  6,65  Pa  (0.05  Torr).  Subsequently,  the  oxygen  gas  from  the  oxygen  container  41  is 
supplied  via  the  flowmeter  42  into  the  reactor  33  through  the  gas  inlet  31  and,  at  the  same  time,  electric 
current  is  passed  to  the  electrode  34  as  to  irradiate  the  applied  layer  of  the  solution  with  the  plasma 
consequently  generated.  In  this  case,  the  container  body  is  desired  to  be  rotated  around  its  axis  during  the 
course  of  the  irradiation  so  that  the  applied  layer  will  be  uniformly  exposed  to  the  plasma. 

30  In  this  case,  for  the  plasma  reaction  to  proceed  advantageously,  the  pressure  within  the  reactor  is  kept 
in  the  range  of  1  .33  to  266  Pa  (0.01  to  2.0  Torr),  preferably  6.65  to  66.5  Pa  (0.05  to  0.5  Torr),  during  the 
course  of  the  plasma  reaction.  The  electrode  34  serving  as  a  base  plate  is  kept  cooled  with  the  coolant 
circulated  through  the  cooling  device  36a.  The  inner  temperature  of  the  reactor  is  desired  to  fall  in  the  range 
of  0  to  150°  C,  preferably  30°  to  70°  C.  the  amount  of  high-frequency  electric  power  is  in  the  range  of 

35  0.05  to  260  W,  preferably  0.2  to  100  W.  Examples  of  the  gas  of  oxygen  atom-containing  molecule  include 
molecular  oxygen,  ozone,  carbon  monoxide,  carbon  dioxide  gas,  and  nitrogen  monoxide.  The  molecular 
oxygen  (hereinafter  referred  to  as  "oxygen  gas")  is  a  desirable  selection.  The  amount  of  the  oxygen  gas  to 
be  advantageously  used  falls  in  the  range  of  100  to  800  ml/min.,  preferably  200  to  500  ml/min.  The 
irradiation  of  plasma  is  carried  out  for  a  period  in  the  range  of  0.1  to  60  minutes,  preferably  0.3  to  5 

40  minutes.  As  the  result,  otherwise  possible  elevation  of  the  temperature  of  the  container  body  as  the 
substrate  for  irradiation  owing  to  the  exposure  to  the  plasma  can  be  precluded.  Of  course,  the  plasma 
treatment  can  be  performed  in  one  cycle.  Otherwise,  it  may  be  carried  out  in  a  plurality  of  split  cycles  such 
as  two  cycles,  each  cycle,  lasting  for  a  period  in  the  range  of  0.1  to  60  minutes,  preferably  0.3  to  10 
minutes,,  so  that  the  container  under  treatment  may  be  left  cooling  during  the  intermissions.  This  split 

45  exposure  to  the  plasma  proves  advantageous  in  the  sense  that  undesirable  elevation  of  the  temperature  of 
the  substrate  due  to  the  exposure  to  the  plasma  can  be  avoided.  Here,  the  reaction  temperature  falls 
roughly  in  the  range  of  40  to  80  C.  The  transparent  coating  formed  under  the  reaction  conditions 
described  above  has  a  thickness  in  the  range  of  0.01  to  2.0  urn,  preferably  0.03  to  0.2  urn. 

The  application  of  the  transparent  coating  is  effected  more  advantageously  when  the  solution  of  the 
so  mixture  of  silicon  compounds  is  cleaned  by  washing  before  it  is  applied  on  the  surface  of  the  container 

body.  This  washing  is  effected  by  using  water,  an  aqueous  acid  solution,  an  aqueous  alkali  solution,  an 
alcohol,  or  an  aqueous  surfactant  solution,  for  example.  Among  other  solutions,  the  aqueous  alkali  solution 
proves  particularly  desirable.  Concrete  exmaples  of  the  aqueous  alkali  solution  include  aqueous  solution  of 
sodium  cabonate,  potassium  carbonate,  lithium  carbonate,  sodium  hydrogencarbonate,  sodium  hydroxide  or 

55  potassium  hydroxide.  The  concentration  of  the  alkali  compound  in  the  aqueous  solution  generally  fails  in  the 
range  of  0.1  to  20%  by  weight,  preferably  1  to  10%  by  weight.  The  duration  of  the  washing  treatment 
generally  falls  in  the  range  of  0.1  to  30  minutes,  preferably  2  to  10  minutes.  The  washing  treatment  yields 
better  results  when  it  is  carried  out  by  virtue  of  ultrasonic  waves.  This  is  probably  because  the  ultrasonic 
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waves  clean  the  fine  pores  on  the  surface  of  the  substrate  so  thoroughly  that  the  solution  applied 
subsequently  is  allowed  to  reach  the  bottoms  of  the  fine  pores.  This  treatment  with  ultrasonic  waves  is 
carried  out  at  a  frequency  in  the  range  of  20  to  200  KHz,  preferably  25  to  50  KHz,  for  a  period  in  the  range 
of  0.1  to  10  minutes,  preferably  0.5  to  5  minutes.  Of  course,  the  washing  treatment,  when  carried  out  by 

s  virtue  of  ultrasonic  waves,  gives  fairly  satisfactory  results  if  the  solution  to  be  used  is  other  than  an  aqueous 
alkali  solution.  The  washing  treatment  gives  the  most  desirable  results  when  it  is  carried  out  with  an 
aqueous  alkali  solution  under  the  influence  of  ultrasonic  waves. 

Then  we  have  studied  the  coated  film  formed  on  the  surface  of  the  container  made  of  synthetic  resin  in 
accordance  with  the  present  invention.  Firstly  as  being  clear  from  infrared  absorption  charts  shown  in  Figs. 

70  10A  to  10C,  OH  group  in  a  solution  for  forming  the  coating  is  disappeared,  so  it  is  considered  that  coated 
film  having  construction  of  cross-linked  silicon  compound  (organosiloxane)  is  formed.  But  although  simple 
cross-linked  film  has  little  gas  barrier  property,  the  container  made  of  synthetic  resin  of  the  present 
invention  has  sufficient  gas  barrier  property  as  shown  in  Table  1  .  Thus  it  is  considered  that  such  gas  barrier 
property  has  relation  to  alkyl  group  such  as  methyl,  ethyl,  etc.  as  shown  by  Ft1  and  Ft2  present  in  the  silicon 

75  compound.  Because  if  Ft1  and  R2  are  absent,  the  film  becomes  complete  vitreous  and  the  glass  has 
sufficient  gas  barrier  property. 

Therefore,  it  is  considered  that  the  coated  film  formed  on  the  surface  of  the  container  made  of  synthetic 
resin  has  a  continuous  layer  of 

20 

25  having  substantially  no  R1  and  R2  groups.  Especially,  it  is  considered  that  such  layer  is  formed  on  the 
surface  side  of  the  coated  film.  The  reason  is  considered  that  not  only  OH  but  also  R1  and  R2  are  apt  to  be 
removed  from  the  surface  side  where  plasma  is  radiated  directly  by  aforementioned  plasma  treatment.  On 
the  contrary,  it  is  considered  that  R1  and  R2  exist  at  an  inner  side  apart  from  the  surface  side,  especially  a 
contact  surface  of  the  container.  Thus  methyl  group  remains  as  shown  in  Figs.  10A  to  10C.  Therefore,  it  is 

30  considered  that  the  coated  film  formed  on  the  surface  of  the  container  made  of  synthetic  resin  in 
accordance  with  the  present  invention  has  gas  barrier  property  based  on  the  continuous  layer  of 

35 
Si  -  O  -  Si  -  

on  the  surface  side  and  excellent  adhesiveness  with  the  container  body  made  of  synthetic  resin  based  on 
R1  and  R2  at  the  contact  side  with  the  container  body. 

40  The  other  synthetic  resin  containers  contemplated  by  the  present  invention  such  as,  for  example, 
containers  for  gas  containing  beverages  (such  as  beer,  cola,  cider,  and  juice)  and  containers  for  foodstuffs 
(such  as  sausages  and  processed  fruits)  can  be  produced  in  the  same  manner  as  described  above.  The 
opening  formed  in  each  of  these  containers  is  tightly  closed  with  a  tight  plug  or  lid  having  a  gas  barrier 
property. 

45  The  container  made  of  synthetic  resin  which  has  been  produced  by  the  method  described  above  is  put 
to  use  as  follows.  The  container  body  2  of  the  container  1  made  of  synthetic  resin  as  illustrated  in  Fig.  1  is 
filled  with  its  content  such  as  a  gas  containing  beverage  and,  with  the  interior  of  the  container  body  kept 
under  a  vacuum,  under  a  pressure,  or  under  the  atmosphere  of  an  inactive  gas,  the  container  1  is  tightly 
sealed  with  the  plug  member  4.  The  container  is  then  put  to  use. 

50  When  the  container  is  used  for  holding  a  chemical  agent  such  as,  fatty  transfusion  fluid  or  other  similar 
transfusion  fluid,  a  nutritive  drink  containing  amino  acids,  an  aqueous  glucose  solution,  or  physiological 
saline  solution,  this  container  is  filled  with  the  chemical  agent  and,  with  the  content  kept  sealed  with  a  gas 
such  as  nitrogen,  helium,  argon,  or  carbon  dioxide  gas  which  is  inactive  to  the  aforementioned  chemical 
agent,  the  container  is  tightly  sealed  with  the  plug  member  of  a  satisfactory  gas  barrier  property. 

55  Similarly  to  the  conventional  containers  of  the  class  discussed  herein,  the  container  which  has  been 
filled  with  the  chemical  agent  and  tightly  sealed  with  the  plug  member  must  be  subjected  to  sterilization 
before  it  is  put  to  use.  The  treatment  of  sterilization  is  generaly  carried  out  in  the  form  of  high-pressure 
steam  sterilization.  This  treatment  is  effected  by  placing  a  plurality  of  such  containers  filled  with  their 
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contents  in  an  autoclave  adopted  for  the  treatment,  evacuating  the  closed  autoclave  until  the  oxygen 
trapped  within  the  autoclave  is  substantially  completely  removed,  and  introduce  steam  into  the  autoclave 
until  saturation.  Then,  an  inactive  gas  such  as,  for  example,  argon,  helium,  or  nitrogen,  preferably  nitrogen, 
is  introduced  into  the  autoclave  until  a  prescribed  pressure,  to  prepare  the  autoclave  for  sterilizatin.  The 
temperature  of  this  sterilization  generally  falls  in  the  range  of  100°  to  130°  C,  preferably  115°  to  126°C.  The 
atmosphere  for  the  sterilization  is  pressurized  with  an  inactive  gas  to  a  pressure  about  10  to  200%  (such  as, 
for  example,  about  (29,43  to  78,48  kPa)  (0.3  to  0.8  kg/cm2)  higher  than  the  pressure  of  the  saturated  steam, 
as  absolute  pressure,  at  the  temperature  of  sterilization.  Generally,  the  pressure  during  the  course  of  the 
sterilization,  as  gauge  pressure,  roughly  falls  in  the  range  of  117,72  to  196,2  KPa  (1.2  to  2.0  kg/cm2).  The 
duration  of  this  sterilization  properly  falls  in  the  range  of  10  to  40  minutes.  In  the  course  of  the  sterilization, 
the  inactive  gas  is  suitably  introduced  into  the  autoclave  to  retain  the  interior  of  the  autoclave  under  a 
prescribed  pressure. 

In  the  case  of  the  vacuum  blood  collecting  vessel,  the  plug  is  made  of  butyl  rubber  or  some  other 
similar  material.  The  material  thus  used  is  desired  to  be  such  that  the  plug  member  can  be  smoothly 
pierced  by  a  blood  collection  needle  without  producing  any  loose  gap  between  the  blood  collection  needle 
and  the  wall  of  a  puncture  formed  in  the  plug  member  owing  to  the  pierce.  The  material  is  also  desired  to 
possess  low  permeability  to  gas.  A  typical  example  of  the  material  which  meets  this  description  is  a 
combination  of  a  thermoplastic  elastomer,  polyisobutylene,  and  a  partially  cross-linked  butyl  rubber. 

As  regards  the  proportions  of  the  components  which  make  up  the  combination,  the  proportion  of 
polyisobutylene  is  desired  to  fall  in  the  range  of  100  to  200  parts  by  weight,  preferably  120  to  150  parts  by 
weight,  and  that  of  the  partially  cross-linked  butyl  rubber  in  the  range  of  100  to  200  parts  by  weight, 
preferably  120  to  150  parts  by  weight,  both  based  on  100  parts  by  weight  of  the  thermoplastic  elastomer. 

Examples  of  the  thermoplastic  elastomer  include  ethylene-propylene  rubber  type  elastomers,  polyester 
elastomers,  nylon  elastomers,  styrene-isopropylene  block  copolymer,  and  styrene-butadiene  blocks 
copolymer.  The  polyisobutylene  is  desired  to  have  a  molecular  weight  in  the  range  of  15,000  to  200,000, 
preferably  80,000  to  150,000.  The  partially  cross-linked  butyl  rubber  is  produced  by  copolymerizing 
isobutylene  with  a  small  amount  (0.3  to  3.0  mols,  for  exmaple)  of  isoprene  and  partially  cross-linking  the 
resultant  butyl  rubber. 

The  vacuum  blood  collecting  vessel  so  produced  is  subjected,  if  necessary,  to  sterilization  by  radiation 
before  or  after  the  tube  is  tightly  closed  with  the  plug  member.  The  radiation  used  for  this  sterilization  is  an 
electromagnetic  radiation  such  as  gamma  ray  or  electron  beam.  The  gamma  ray  is  more  desirable  than  the 
electron  beam.  The  intensity  of  the  radiation  is  desired  to  fall  in  the  range  0.1  to  4  Mrads,  preferably  0.5  to 
2.5  Mrads. 

The  vacuum  blood  collecting  vessel  constructed  as  described  above  is  put  to  use  as  follows.  As 
illustrated  in  Fig.  8,  one  end  is  closed  and  the  other  end  is  opened  and  the  insertion  is  made  through  the 
open  end  into  the  threaded  hole  17  of  the  closed  end  16.  This  blood  collection  needle  comprises  a  blood 
vessel  piercing  part  18a  and  a  plug  piercing  part  18b.  The  plug  piercing  part  18b  is  enveloped  with  a  Luer 
adapter  20  made  of  synthetic  resin.  The  blood  vessel  piercing  part  18a  of  the  blood  collection  needle  18  is 
plunged  into  the  blood  vessel  such  as  the  vein  and  the  vacuum  blood  collecting  vessel  1  1  is  pressed  down 
into  the  closed  part  16  of  a  blood  collecting  vessel  holder  19.  Consequently,  the  plug  piercing  part  18b  of 
the  blood  collecting  vessel  18  penetrates  the  Luer  adapter  20  and  the  plug  member  14  and  the  leading  end 
of  the  plug  piercing  part  18b  reaches  the  inner  space  15  of  the  blood  collecting  vessel  11  as  illustrated  in 
Fig.  9,  establishing  communication  between  the  blood  vessel  and  the  inner  space  15.  By  the  negative 
pressure  within  the  aforementioned  inner  space  15,  the  blood  in  the  blood  vessel  flows  into  the  inner  space 
15  of  the  blood  collection  tube  11  in  a  total  volume  corresponding  to  the  degree  of  vacuum  existing  in  the 
inner  space.  The  blood  collection  is  completed  by  removing  the  blood  vessel  piercing  part  18a  of  the  blood 
collection  needle  18  from  the  blood  vessel. 

When  the  container  made  of  synthetic  resin  illustrated  in  Fig.  5  is  to  be  used  as  a  testing  device,  a 
chemical  agent  25A  for  the  test  is  placed  in  the  container  and  the  inner  space  25  of  the  container  is 
retained  under  a  vacuum  or  filled  with  an  atmosphere  of  an  inactive  gas  such  as  nitrogen,  argon,  helium.or 
carbon  dioxide  gas,  with  the  aforementioned  opening  23  tightly  closed  with  the  plug  member  24. 

Exmaples  of  the  chemical  agent  for  the  test  include  various  liquid  or  gel-like  culture  media,  an- 
ticoagulants  such  as  ethylenediamine  tetraacetates  and  sodium  oxalate,  CPD  fluid,  and  ACD-A  fluid. 

The  plug  member  24  used  in  this  case  is  similar  to  the  plug  member  14  in  the  vacuum  blood  collecting 
vessel. 

The  testing  device  obtained  as  described  above  is  sterilized  before  or  after  the  chemical  agent  for  test 
is  placed  therein.  The  sterilization  can  be  carried  out  by  the  use  of  steam  or  radiation.  The  sterilization  by 
radiation  is  more  desirable  than  that  by  radiation.  The  radiation  to  be  used  in  this  case  is  an  electromag- 
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netic  radiation  such  as  gamma  ray  or  electron  beam.  The  gamma  ray  is  better  selection  than  the  electron 
beam.  The  intensity  of  radiation  is  desired  to  fall  in  the  range  of  0.1  to  4  Mrads,  preferably  0.5  to  2.5  Mrads. 

The  testing  device  constructed  as  described  above  is  used  in  much  the  same  way  as  the  vacuum  blood 
collecting  vessel.  In  this  case,  the  testing  device  is  used  in  its  unaltered  form  when  the  specimen  under  test 

5  or  the  substrate  for  culture  is  anaerobic.  When  the  specimen  under  test  or  the  substrate  for  culture  is 
aerobic,  then  the  test  or  culture  is  carried  out  by  removing  the  plug  member  from  the  container  or  by 
introducing  oxygen  or  air  into  the  interior  of  the  container. 

Now,  the  present  invention  will  be  described  more  specifically  below  with  reference  to  working 
exmaples. 

70 
Example  1 

A  container  made  of  polyethylene  terephthalate  was  immersed  in  an  aqueous  2.5%  Na2C03  solution  for 
5  minutes  (under  application  of  ultrasonic  waves).  It  was  then  immersed  in  a  solution  containing  the 

75  aforementioned  silicon  compound  in  a  concentration  of  12%  by  weight  in  isopropanol  at  20  °C  for  one 
minute  and  lifted  from  the  solution  at  a  rate  fo  16  cm/minute.  Then,  the  container  was  dried  at  70  °  C  for  30 
minutes.  In  a  low-temperature  plasma  reaction  device,  denoted  by  33  in  Fig.  7,  the  tube  made  of  a  synthetic 
resin  was  inserted.  The  device  was  evacuated  (to  6.65  Pa  -  0.05  Torr)  and  then  charged  with  oxygen  gas  to 
a  pressure  of  about  39.9  Pa  (0.3  Torr).  The  tube  was  subjected  to  a  plasma  treatment  at  a  plasma  output 

20  power  of  100  W,  with  two  parallel  plate  electrodes  (50  mm  x  50m)  separated  by  a  distance  of  about  50  mm. 
As  the  result,  a  transparent  coating  0.1  urn  in  thickness  was  deposited  on  one  surface  of  the  container.  To 
test  the  coated  container  for  permeability  to  oxygen  and  carbon  dioxide  gas,  a  film  (12  urn  in  thickness  and 
50  cm2  in  area)  of  the  same  material  as  the  container  was  treated  by  following  the  procedure  described 
above.  By  the  test  with  a  gas  permeation  tester  made  by  Lyssy  Corp.,  the  resultant  coated  film  was  found 

25  to  pass  50.6  ml  of  oxygen  and  204  ml  of  carbon  dioxide  gas  per  m2*day*atm.  In  the  following  examples, 
the  permeability  of  the  container  to  gas  was  tested  by  similarly  preparing  a  film  of  the  same  material  as  the 
container  involved,  subjecting  the  film  to  the  coating  treatment,  and  subjecting  the  coated  film  to  test. 

Example  2 
30 

By  following  the  procedure  of  Example  1  ,  the  treatment  with  ultrasonic  waves  was  performed  for  five 
minutes  by  using  a  mixed  solution  of  a  concentration  of  5%  by  weight.  The  container  was  dried  at  70°  C  for 
30  minutes  and  was  immediately  subjected  to  the  plasma  treatment  under  the  same  conditions  as  in 
Example  1  .  Consequently  a  transparent  coating  0.04  um  in  thickness  was  formed.  The  measurements  of 

35  permeability  similarly  determined  were  78  and  313  respectively  for  oxygen  and  carbon  dioxide  gas. 

Control  1 

A  container  made  of  the  same  polyethylene  terephthalate,  in  its  untreated  form,  was  tested  for 
40  permeability  to  oxygen  and  carbon  dioxide  gas.  The  measurements  of  permeability  similarly  determined 

were  231  and  939  respectively. 

Control  2 

45  By  following  the  procedure  of  Example  1  ,  a  container  of  the  same  synthetic  resin  was  immersed  in  a 
mixed  solution  having  a  concentration  of  32%  by  weight  for  five  minutes.  The  treatment  with  ultrasonic 
waves  and  the  treatment  with  plasma  were  omitted.  Consequetly,  a  transparent  coating  0.14  um  is 
thickness  was  formed.  The  measurements  of  permeability  similarly  determined  were  213  and  854  respec- 
tively  for  oxygen  and  carbon  dioxide  gas. 

50 
Examples  3-1  2 

By  following  the  procedure  of  Example  1,  polyethylene  terephthalate  films  12  um  (Examples  3-7)  and 
11.5  to  12  u.m  (Examples  8-12)  in  thickness  were  washed  in  varying  treating  liquids  indicated  in  Table  1 

55  under  application  of  ultrasonic  waves  and,  thereafter,  subjected  to  a  drying  treatment.  Then,  the  films  were 
immersed  in  isopropanol  solutions  containing  the  same  silicon  compounds  as  used  in  Example  1  in  the 
concentrations  indicated  in  Table  1  for  a  fixed  duration  of  four  minutes,  during  which  period  the  films  in  the 
solutions  were  exposed  to  ultrasonic  waves  at  a  frequency  of  45  KHz.  The  films  were  dried  at  70  °  C  for  five 
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minutes.  The  dried  films  were  subjected  to  a  plasma  treatment  at  varying  outputs  and  for  varying  periods 
indicated  in  Table  1  in  the  presence  of  100%  oxygen.  The  results  were  as  shown  in  Table  1. 

It  is  noted  from  the  results  that  the  degrees  of  gas  barrier  property  exhibited  by  the  films  decreased  in 
the  order  of  neutral  detergent  >  5%  Na2CC>3  >  alkali  -  methanol  in  terms  of  the  kind  of  agent  used  for  the 

5  washing.  This  fact  implies  that  the  film  formed  by  plasma  is  affected  by  the  method  of  film  cleaning  and  the 
condition  of  film  surface. 

12 
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55  Examples  13-16  and  Control  3 

A  polyethylene  terephthalate  film  50  um  in  thickness  (weight-averaged  molecular  weight  48,000)  (area 
50  cm2)  was  washed  in  a  varying  treating  agent  indicated  in  Table  2  under  application  of  ultrasonic  waves 
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and  then  subjected  to  a  drying  treatment.  Then,  the  film  was  immersed  in  a  mixed  solution  containing  the 
same  silicon  compound  as  used  in  Example  1  in  a  concentration  of  12%  by  weight  for  a  varying  period 
indicated  in  Table  2,  during  which  period  the  film  was  exposed  to  ultrasonic  waves  at  a  frequency  of  45 
KHz.  Subsequently,  under  a  varying  set  of  drying  conditions  indicated  in  Table  2,  the  film  was  subjected  to 
a  plasma  treatment  twice  at  an  output  power  of  200  W  in  the  presence  of  oxygen  of  a  concentration  of  0.2 
molar  fraction.  The  results  were  as  shown  in  Table  2.  During  the  first  and  second  cycles  of  the  plasma 
treatment,  the  film  was  cooled  for  5  minutes. 

For  comparison,  the  same  film  in  its  untreated  form,  was  tested  similarly. 
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55  Example  17 

By  following  the  procedure  of  Example  1,  a  vacuum  blood  collection  tube  was  obtained  from  a  blind 
tube  made  of  polyethylene  terephthalate.  The  tube  was  tested  similarly.  The  results  were  similar  to  those 
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obtained  in  Example  1  . 

Example  18 

In  a  blind  tube  treated  by  following  the  procedure  of  Example  17,  a  culture  medium  of  the  formula 
shown  in  Table  3  was  placed.  The  tube  was  tightly  stoppered  with  a  plug  member  made  of  a  composition 
comprising  of  25  parts  by  weight  of  a  thermoplastic  elastomer  (1  ,2-polybutadiene),  35  parts  by  weight  of 
polyisobutylene  (molecular  weight  100,000),  25  parts  by  weight  of  partially  cross-linked  butyl  rubber,  and  15 
parts  by  weight  of  liquid  paraffin,  with  the  interior  of  the  tube  kept  under  a  vacuum.  The  tube  with  its  content 
was  sterilized  with  gamma  ray  1.4  Mrads  in  intensity.  It  was  left  standing  in  the  atmosphere  for  three 
months.  When  the  tube  was  opened  at  the  end  of  the  standing,  the  culture  medium  held  inside  was  found 
to  be  free  from  degeneration  and  the  degree  of  vacuum  to  be  substantially  intact. 

T a b l e   3 

T r y p t o p h a n   17  g 

S o y b e a n   p e p t o n e   3  g  

M e a t   e x t r a c t   3  g  

Y e a s t   e x t r a c t   5  g  

L i v e r   h y d r o i y z a t e   1  g  

G l u c o s e   2 .5   g  

P o t a s s i u m   h y d r o g e n   p h o s p h a t e   2 .5   g  
S o d i u m   c h l o r i d e   5  g  

L - c y s t e i n e   h y d r o c h l o r i d e   0 .45   g  

P - a m i n o b e n z o i c   a c i d   0 .05   g 

P o l y a n e t h o l e   s u l f o n a t e   s o d i u m   0 .35   g 

H e m i n   0 . 0 0 5   g 

Agar   0 . 0 1   g  
G e l a t i n   12  g  
D i s t i l l e d   w a t e r   1 , 0 0 0   m l  

pH  7 .3   +  0 . 1  

Example  19 

A  tubular  container  having  one  end  thereof  closed  and  the  other  end  thereof  opened  as  illustrated  in 
Fig.  5  and  measuring  1  mm  in  wall  thickness  was  produced  with  polyethylene  terephthalate.  This  tubular 
container  was  treated  in  an  aqueous  5%  sodium  carbonate  solution  under  application  of  ultrasonic  waves  for 
one  hour  and  then  dried  at  60  °  C  for  15  minutes.  Then,  in  a  mixed  solution  containing  the  same  silicon 
compounds  as  used  in  Example  18  in  a  concentration  of  12%  by  weight,  the  tubular  container  was  kept 
immersed  for  five  minutes  under  application  of  ultrasonic  waves  at  a  frequency  of  45  KHz.  It  was 
subsequently  dried  at  70  °C  for  15  minutes.  It  was  further  subjected  to  a  plasma  treatment  at  an  output 
power  of  200  W  in  the  presence  of  oxygen  gas  for  five  minutes.  Consequently,  there  was  obtained  a 
container  of  synthetic  resin  having  the  outer  surface  thereof  covered  with  a  transparent  coating  0.07  um  in 
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thickness.  In  the  container,  culture  medium  of  the  formula  shown  in  Table  4  was  placed.  The  container  was 
tightly  closed  with  a  plug  member  made  of  a  composition  comprising  25  parts  by  weight  of  a  thermoplastic 
elastomer  (1  ,2-polybutadiene),  35  parts  by  weight  of  polyisobutylene  (molecular  weight  100,000),  25  parts 
by  weight  of  partially  cross-linked  butyl  rubber,  and  15  parts  by  weight  of  liquid  paraffin,  with  the  interior  of 

5  the  container  kept  under  a  vacuum.  The  container  with  its  content  was  sterilized  with  gamma  ray  1.5  Mrads 
in  intensity.  It  was  left  standing  in  the  atmosphere  for  three  months.  When  the  container  was  opened  at  the 
end  of  the  standing,  the  culture  medium  held  inside  was  found  to  be  free  from  degeneration  and  the  degree 
of  vacuum  to  be  substantially  intact. 

0  T a b l e   4 

T r y p t o p h a n   17  g  

75  S o y b e a n   p e p t o n e   3  g  

Meat   e x t r a c t   3  g  

Y e a s t   e x t r a c t   5  g  

L i v e r   h y d r o l y z a t e   1  g  20  ■* 
G l u c o s e   2 . 5   g 

P o t a s s i u m   h y d r o g e n   p h o s p h a t e   2 . 5   g  

S o d i u m   c h l o r i d e   5  g  
25 

L - c y c s t e i n e   h y d r o c h l o r i d e   0 . 4 5   g 

P - a m i n o b e n z o i c   a c i d   0 . 0 5   g 

P o l y a n e t h o l e   s u l f o n a t e   s o d i u m   0 . 3 5   g  

30  Hemin  0.  005  g  

Agar   0 . 0 1   g 

G e l a t i n   12  g 

35  D i s t i l l e d   w a t e r   1 , 0 0 0   m l  

pH  7 .3   +  0 . 1  

40  Example  20 

A  container  made  of  synthetic  resin  obtained  by  following  the  procedure  of  Example  1  was  used  as  a 
container  for  a  chemical  agent.  The  container  with  its  content  was  left  standing  for  a  long  time.  When  the 
container  was  opened  after  the  standing,  the  chemical  agent  held  inside  was  found  to  be  free  from 

45  degeneration. 

Example  21 

A  container  having  one  end  thereof  closed  and  the  other  end  thereof  opened  as  illustrated  in  Fig.  1  and 
50  measuring  1  mm  in  wall  thickness  was  produced  with  polycarbonate.  The  tubular  container  was  treated  in 

an  aqueous  5%  sodium  carbonate  solution  under  application  of  ultrasonic  waves  of  a  frequency  of  40  KHz 
for  five  minutes  and  then  dried  at  60  °C  for  five  minutes.  Then,  it  was  immersed  in  a  mixed  solution 
containing  the  same  silicon  compounds  as  used  in  Example  1  in  a  concentration  of  32%  by  weight  for  five 
minutes  under  application  of  ultrasonic  waves  45  KHz  in  frequency  and  then  dried  at  70°  C  for  five  minutes. 

55  It  was  further  subjected  to  a  plasma  treatment  at  an  output  power  of  200  W  in  the  presence  of  100% 
oxygen  gas  for  15  minutes.  Consequently,  there  was  obtained  a  container  of  synthetic  resin  having  the 
outer  surface  thereof  covered  with  a  transparent  coating  0.14  um  in  thickness.  This  container  was  filled  with 
a  transfusion  fluid  containing  amino  acid  (including  tryptophan)  in  a  concentration  of  12%  and  prepared  by 
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the  ordinary  method  and  then  charged  with  nitrogen  gas.  With  the  interior  of  the  container  held  under  a 
vacuum,  the  open  end  thereof  was  sealed  with  a  rubber  plug.  The  container  with  its  content  was  sterilized  in 
an  autoclave.  The  container  was  left  standing  in  the  atmosphere  at  normal  room  temperature  for  three 
months.  When  the  container  was  opened  after  the  standing,  the  content  held  within  was  found  to  be  free 

5  from  degeneration. 
As  described  above,  this  invention  provides  a  container  made  of  synthetic  resin  and  provided  at  one 

portion  thereof  with  at  least  one  tightly  closable  opening,  which  container  has  formed  on  at  least  either  of 
the  inner  and  outer  surface  thereof  a  continuous  coating  of  a  gas  barrier  property  by  the  reaction  of  a 
mixture  of  a  silicon  compound  having  the  general  formula  I  with  a  silicon  compound  having  the  general 

10  formula  II.  Because  of  the  coating  possessed  of  a  gas  barrier  property,  the  container  exhibits  extremely  low 
permeability  to  gases,  particularly  to  oxygen,  so  that  the  possible  passagage  of  gas  through  the  wall  of  the 
container  into  and  out  of  the  container  interior  is  substantially  eliminated.  When  this  container  is  used  for 
such  a  chemical  agent  as  amino  acid  which  is  susceptible  to  oxidation,  therefore,  the  passage  of  gases, 
particularly  oxygen,  into  the  container  interior  is  substantially  eliminated.  As  the  result,  the  interior  of  the 

15  container  can  be  retained  under  a  defined  pressure  for  a  long  time  and  the  chemical  agent  held  within  can 
be  prevented  from  degeneration  for  a  long  time.  When  this  container  is  used  for  holding  a  gas  containing 
beverage  under  high  pressure,  the  escape  of  gases,  particularly  carbon  dioxide  gas,  from  within  is  notably 
repressed.  As  the  result,  the  high  pressure  inside  the  container  can  be  retained  intact  for  a  long  time. 
Moreover,  since  the  container  of  the  present  invention  is  made  of  synthetic  resin,  there  is  absolutely  no 

20  possibility  of  the  container  sustaining  any  damage  on  exposure  to  shocks  during  transportation,  storage,  or 
use. 

Further,  this  invention  relies  for  the  formation  of  the  coating  upon  the  action  of  plasma.  At  the  same 
time  that  the  coating  is  formed,  the  surface  of  the  substrate,  i.e.  the  wall  of  the  container,  is  coarsened  by 
the  plasma.  Thus,  the  coating  is  easily  formed  uniformly  in  a  small  thickness  as  deposited  fast  on  the 

25  surface. 
When  the  container  is  used  for  holding  a  chemical  agent  such  as  a  fatty  transfusing  fluid  or  a  nutritive 

drink  containing  amino  acids  which  is  highly  susceptible  to  oxidation,  the  passage  of  gases,  particularly 
oxygen,  into  the  container  interior  is  substantially  eliminated.  Thus,  the  chemical  agent  held  in  the  container 
can  be  preserved  for  a  long  time  without  entailing  any  degeneration.  When  the  container  is  used  for  holding 

30  such  an  electrolyte  as  glucose  solution  or  physiological  saline  water,  since  it  possesses  virtually  no 
permeability  to  gases,  the  steam  rising  from  the  electolyte  is  not  liable  to  escape  from  within  the  container 
interior.  Thus,  the  electrolyte  within  the  container  is  allowed  to  retain  its  original  concentration  intact  for  a 
long  time.  Further,  the  container  of  the  present  invention  retains  its  extremely  low  permeability  to  gases 
safely  even  under  the  harsh  conditions  of  the  sterilization  with  high-pressure  steam.  The  chemical  agent 

35  held  within,  therefore,  can  be  retained  substantially  intact  even  after  the  sterilization.  Since  the  container  for 
the  chemical  agent  is  made  of  synthetic  resin,  it  has  absolutely  no  possibility  of  sustaining  any  damage  on 
exposure  to  shocks  during  its  transportation,  storage,  or  use. 

When  the  container  is  used  for  holding  a  testing  agent  such  as  culture  medium  or  anticoagulant  which 
is  liable  to  be  degenerated  on  exposure  to  oxygen,  since  it  substantially  eliminates  the  passage  of  gases, 

40  particularly  oxygen,  into  the  container  interior,  the  testing  agent  held  within  can  be  retained  intact  for  a  long 
time.  Where  the  testing  agent  is  in  the  form  of  an  aqueous  solution,  the  steam  departing  from  the  testing 
agent  is  not  liable  to  escape  from  the  container  interior  and,  therefore,  the  testing  agent  is  allowed  to  retain 
its  original  concentration  intact  for  a  long  time.  Because  of  its  satisfactory  gas  barrier  property,  the  container 
can  be  utilized  for  anaerobic  culture  of  microorganisms. 

45  As  described,  this  invention  provides  a  method  for  the  manufacture  of  a  container  made  of  synthetic 
resin  and  provided  at  one  portion  thereof  with  at  least  one  tightly  closable  opening,  which  method 
comprises  applying  upon  at  least  either  of  the  inner  and  outer  surfaces  of  the  container  body  a  mixed 
solution  comprising  a  silicon  compound  having  the  general  formula  I  and  a  silicon  compound  having  the 
general  formula  II,  drying  the  applied  layer  of  the  mixed  solution,  and  subsequently  subjecting  the  dried 

so  layer  to  a  plasma  treatment  in  the  presence  of  the  gas  of  an  oxygen  atom-containing  molecule  thereby 
covering  the  aforementioned  surface  of  the  container  body  with  a  continuous  coating  possessing  a  gas 
barrier  property.  Thus,  the  present  invention  permits  ready  production  of  a  container  made  of  synthetic 
resin  and  possessed  of  the  aforementioned  gas  barrier  property.  Since  the  coating  of  the  gas  barrier 
property  can  be  formed  on  the  surface  of  the  container  body  made  of  synthetic  resin  quickly  at  a  relatively 

55  low  temperature,  the  produced  container  does  not  suffer  the  container  body  to  yield  to  deformation  under 
heat  or  entail  exudation  of  additives. 

Further,  when  the  application  of  the  aforementioned  mixed  solution  upon  the  surface  of  the  container 
body  is  carried  out  under  the  influence  of  ultrasonic  waves,  since  the  removal  of  air  from  the  fine  pores  on 
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the  surface  and  the  entry  of  the  film-forming  component  of  the  solution  into  the  fine  pores  are  accelerated 
by  the  ultrasonic  waves,  the  produced  coating  enjoys  fast  adhesion  to  the  surface  and  the  gas  barrier 
property  of  this  container  is  further  improved  by  subjecting  the  container  body  to  washing  treatment 
particularly  in  an  alkali  bath  and/or  under  the  influence  of  ultrasonic  waves  before  the  application  of  the 

5  aforementioned  mixed  solution. 

Claims 

1.  A  method  for  the  manufacture  of  a  container  made  of  synthetic  resin  and  provided  at  one  portion 
10  thereof  with  at  least  one  tightly  closable  opening,  which  method  comprises  applying  upon  at  least  either 

of  the  inner  and  outer  surfaces  of  the  container  body  a  mixed  solution  consisting  of  a  silicon  compound 
having  general  formula  I: 

75 

( I )  

20 

wherein  m  denotes  an  integer  of  the  value  of  1  to  5,  and  a  silicon  compound  having  the  general  formula 
II: 

25 

30 

r * 1  
1 

HO  f  Si  -  0  ;  H 

L  R< 

( I I )  

-  n  

wherein  n  denotes  an  integer  of  the  value  of  1  to  5  and  R1  and  R2  independently  denote  an  alkyl  or 
alkoxy  group  having  1  to  4  carbon  atoms,  a  phenyl  group,  or  hydroxyl  group,  providing  that  both  R1  and 

35  R2  do  not  simultaneously  denote  hydroxyl  group,  drying  the  applied  layer  of  said  mixed  solution,  and 
subsequently  subjecting  the  dried  layer  to  a  plasma  treatment  in  the  presence  of  the  gas  of  an  oxygen 
atom-containing  molecule  thereby  convering  said  surface  of  the  container  body  with  a  continuous 
coating  possessing  a  gas  barrier  property. 

40  2.  A  method  according  to  Claim  10,  wherein  said  reaction  is  carried  out  under  a  vacuum  in  the  range  of 
1  ,33  to  266  Pa  (0.01  to  2.0  Torr). 

3.  A  method  according  to  Claim  10,  wherein  the  gas  of  an  oxygen  atom-containing  molecule  contains 
oxygen  in  a  concentration  in  the  range  of  20  to  100%. 

45 
4.  A  method  according  to  Claim  10,  wherein  the  reaction  temperature  is  in  the  range  of  0°  to  150°  C. 

5.  A  method  according  to  Claim  10,  wherein  R1  and  R2  in  the  general  formula  II  independently  denote  an 
alkyl  group  having  1  to  4  carbon  atoms  or  hydroxyl  group. 

50 
6.  A  method  according  to  Claim  5,  wherein  R1  in  said  general  formula  II  is  an  alkyl  group  having  1  or  2 

carbon  atoms  and  R2  in  the  same  general  formula  is  hydroxyl  group. 

7.  A  method  according  to  Claim  10,  wherein  said  plasma  treatment  is  carried  out  for  a  period  in  the  range 
55  of  0.1  to  60  minutes. 

8.  A  method  according  to  Claim  10,  wherein  said  synthetic  resin  is  transparent  synthetic  resin. 

19 
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9.  A  method  according  to  Claim  10,wherein  said  mixed  solution  of  silicon  compounds  is  applied  on  the 
surface  of  said  container  body  by  virtue  of  ultrasonic  waves. 

10.  A  method  according  to  Claim  10,  wherein  said  container  body  made  of  synthetic  resin  is  washed  in 
5  advance. 

11.  A  method  according  to  Claim  10,  wherein  said  washing  treatment  is  carried  out  in  an  aqueous  solution. 

12.  A  method  according  to  Claim  11,  wherein  said  washing  treatment  is  carried  out  by  virtue  of  ultrasonic 
w  waves. 

13.  A  method  according  to  Claim  10,  wherein  said  container  body  made  of  synthetic  resin  is  washed  in 
advance  and  said  mixed  solution  of  silicon  compounds  is  applied  to  the  surface  of  said  container  body 
by  virtue  of  ultrasonic  waves. 

15 
14.  A  method  according  to  Claim  10,  wherein  said  plasma  treatment  is  carried  out  as  split  in  a  plurality  of 

rounds. 

15.  A  method  according  to  Claim  14,  wherein  said  plasma  treatment  is  carried  out  as  split  in  two  rounds 
20  and  the  container  under  treatment  in  cooled  between  the  first  and  second  rounds  of  the  plasma 

treatment. 

16.  A  method  according  to  claim  1,  wherein  said  coating  is  a  transparent  coating. 

25  17.  A  method  according  to  claim  1,  wherein  said  coating  has  a  thickness  in  the  range  of  0,01  to  2  um. 

18.  A  method  according  to  Claim  1,  wherein  said  container  body  is  a  tubular  member  made  of  synthetic 
resin  and  having  one  end  thereof  closed  and  the  other  end  thereof  opened  and  said  open  end  of  said 
tubular  member  is  tightly  closed  with  a  pierceable  plug  member. 

30 
19.  A  method  according  to  Claim  18,  wherein  said  container  is  a  vacuum  blood  collecting  vessel. 

20.  A  method  according  to  Claim  18,  wherein  said  container  is  further  subjected  to  sterilization  with 
radiation. 

35 
21.  A  method  according  to  Claim  20,  wherein  said  radiation  is  gamma  ray. 

22.  A  method  according  to  Claim  18,  wherein  said  tubular  member  is  filled  with  a  chemical  agent  for  test. 

40  23.  A  method  according  to  Claim  22,  wherein  said  chemical  agent  for  test  is  a  substance,  susceptible  to 
oxidation. 

24.  A  method  according  to  Claim  23,wherein  said  substance  susceptible  to  oxidation  is  a  liquid  or  gel-like 
culture  medium. 

45 
25.  A  method  according  to  Claim  24,  wherein  said  substance  susceptible  to  oxidation  is  an  anticoagulant. 

26.  A  method  according  to  Claim  18,  wherein  the  closed  space  within  the  container  is  kept  under  pressure 
lower  than  the  atmospheric  pressure. 

50 
27.  A  method  according  to  Claim  1,  wherein  said  container  body  is  filled  with  a  chemical  agent  and  his 

opening  is  closed  to  isolate  the  inner  atmosphere  from  the  outer  atmosphere. 

28.  A  method  according  to  Claim  27,  wherein  said  chemical  agent  is  an  oxidative  substance. 
55 

29.  A  method  according  to  Claim  28,  wherein  said  chemical  agent  is  a  liquid. 

30.  A  method  according  to  Claim  27,  wherein  said  container  body  made  of  synthetic  resin  is  formed  of 
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synthetic  resin  resistant  to  heat. 

31.  A  method  according  to  Claim  27,  wherein  said  inner  atmosphere  is  formed  of  a  gas  inactive  to  said 
chemical  agent. 

Revendications 

1.  Une  methode  pour  fabriquer  un  conteneur  realise  en  resine  synthetique  et  muni  dans  une  de  ses 
portions  d'au  moins  une  ouverture  susceptible  d'etre  fermee  de  fagon  etanche,  ladite  methode 

10  comprenant  Papplication  sur  au  moins  la  surface  interieure  ou  la  surface  exterieure  du  corps  du 
conteneur  d'une  solution  mixte  constitute  d'un  compose  de  silicium  ayant  la  formule  generate  I  : 

OH 

15 HO  f  Si  -  0 
l 
OH 

H 

m 

( I )  

dans  laquelle  m  designe  un  nombre  entier  de  1  a  5  et  d'un  compose  de  silicium  ayant  la  formule 
20  generate  II  : 

25 

r  R  ~I 
I 

HO  ■■  Si  -  0 
U *   J  

H 

n 

( I I )  

dans  laquelle  n  designe  un  nombre  entier  de  1  a  5  et  R1  et  R2  designent  independamment  un  groupe 
30  alkyle  ou  alcoxy  ayant  de  1  a  4  atomes  de  carbone,  un  groupe  phenyle,  un  groupe  hydroxyle,  a  la 

condition  que  R1  et  R2  ne  soient  pas  simultanement  un  groupe  hydroxyle,  le  sechage  de  la  couche  de 
ladite  solution  mixte  appliquee,  et  subsequemment  le  traitement  par  plasma  de  la  couche  sechee  en 
presence  du  gaz  d'une  molecule  contenant  un  atome  d'oxygene  pour  recouvrir  ladite  surface  dudit 
corps  du  conteneur  par  un  revetement  continu  possedant  la  propriete  de  barriere  aux  gaz. 

35 
2.  Une  methode  selon  la  revendication  1  ,  selon  laquelle  ladite  reaction  est  conduite  sous  un  vide  compris 

dans  I'intervalle  de  1  ,33  a  266  Pa  (0,01  a  2,0  Torr). 

3.  Une  methode  selon  la  revendication  1,  selon  laquelle  le  gaz  d'une  molecule  contenant  un  atome 
40  d'oxygene  contient  de  I'oxygene  a  une  concentration  comprise  dans  I'intervalle  de  20  a  100  %. 

4.  Une  methode  selon  la  revendication  1  ,  selon  laquelle  la  temperature  de  la  reaction  est  comprise  dans 
I'intervalle  de  0°  a  150°  C. 

45  5.  Une  methode  selon  la  revendication  1  ,  selon  laquelle  R1  et  R2  dans  la  formule  generate  II  designent 
independamment  un  groupe  alkyle  ayant  de  1  a  4  atomes  de  carbone  ou  un  groupe  hydroxyle. 

6.  Une  methode  selon  la  revendication  5,  selon  laquelle  R1  dans  ladite  formule  generate  II  est  un  groupe 
alkyle  ayant  1  ou  2  atomes  de  carbone  et  R2  dans  la  meme  formule  generate  est  un  groupe  hydroxyle. 

50 
7.  Une  methode  selon  la  revendication  1,  selon  laquelle  ledit  traitement  par  plasma  est  conduit  pendant 

une  periode  de  temps  comprise  dans  I'intervalle  de  0,1  a  60  min. 

8.  Une  methode  selon  la  revendication  1,  selon  laquelle  ladite  resine  synthetique  est  une  resine 
55  synthetique  transparente. 

9.  Une  methode  selon  la  revendication  1  ,  selon  laquelle  ladite  solution  mixte  de  composes  de  silicium  est 
appliquee  sur  la  surface  dudit  corps  du  conteneur  a  I'aide  d'ondes  d'ultrason. 

21 
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10.  Une  methode  selon  la  revendication  1,  selon  laquelle  ledit  corps  du  conteneur  realise  en  resine 
synthetique  est  lave  a  I'avance. 

11.  Une  methode  selon  la  revendication  10,  selon  laquelle  ledit  traitement  de  lavage  est  conduit  dans  une 
5  solution  aqueuse. 

12.  Une  methode  selon  la  revendication  11,  selon  laquelle  ledit  traitement  de  lavage  est  conduit  a  I'aide 
d'ondes  d'ultrason. 

w  13.  Une  methode  selon  la  revendication  1,  selon  laquelle  ledit  corps  du  conteneur  realise  en  resine 
synthetique  est  lave  a  I'avance  et  ladite  solution  mixte  de  composes  de  silicium  est  appliquee  a  la 
surface  dudit  corps  du  conteneur  a  I'aide  d'ondes  d'ultrason. 

14.  Une  methode  selon  la  revendication  1,  selon  laquelle  ledit  traitement  par  plasma  est  conduit  de  fagon 
75  divisee  en  une  pluralite  de  cycles. 

15.  Une  methode  selon  la  revendication  14,  selon  laquelle  ledit  traitement  par  plasma  est  conduit  de  fagon 
divisee  en  deux  cycles  et  le  conteneur  en  traitement  est  refroidi  entre  le  premier  et  le  second  cycle  de 
traitement  par  plasma. 

20 
16.  Une  methode  selon  la  revendication  1,  selon  laquelle  ledit  revetement  est  un  revetement  transparent. 

17.  Une  methode  selon  la  revendication  1,  selon  laquelle  ledit  revetement  a  une  epaisseur  comprise  dans 
I'intervalle  de  0,01  a  2  urn. 

25 
18.  Une  methode  selon  la  revendication  1,  selon  laquelle  ledit  corps  du  conteneur  est  un  element  tubulaire 

realise  en  resine  synthetique  et  ayant  une  extremite  fermee  et  I'autre  extremite  ouverte  et  ladite 
extremite  ouverte  dudit  element  tubulaire  est  fermee  de  fagon  etanche  par  un  bouchon  perforable. 

30  19.  Une  methode  selon  la  revendication  18,  selon  laquelle  ledit  conteneur  est  un  recipient  collecteur  de 
sang  sous  vide. 

20.  Une  methode  selon  la  revendication  18,  selon  laquelle  ledit  conteneur  est  en  outre  soumis  a  la 
sterilisation  par  une  radiation. 

35 
21.  Une  methode  selon  la  revendication  20,  selon  laquelle  ladite  radiation  est  un  rayon  y. 

22.  Une  methode  selon  la  revendication  18,  selon  laquelle  ledit  element  tubulaire  est  rempli  d'un  agent 
chimique  pour  le  test. 

40 
23.  Une  methode  selon  la  revendication  22,  selon  laquelle  ledit  agent  chimique  pour  le  test  est  une 

substance  sensible  a  I'oxydation. 

24.  Une  methode  selon  la  revendication  23,  selon  laquelle  ladite  substance  sensible  a  I'oxydation  est  un 
45  milieu  de  culture  liquide  ou  analogue  a  un  gel. 

25.  Une  methode  selon  la  revendication  24,  selon  laquelle  ladite  substance  sensible  a  I'oxydation  est  un 
anticoagulant. 

50  26.  Une  methode  selon  la  revendication  18,  selon  laquelle  I'espace  clos  a  I'interieur  du  conteneur  est 
maintenu  sous  une  pression  inferieure  a  celle  de  la  pression  atmospherique. 

27.  Une  methode  selon  la  revendication  1,  selon  laquelle  ledit  corps  du  conteneur  est  rempli  d'un  agent 
chimique  et  son  ouverture  est  fermee  pour  isoler  I'atmosphere  interieure  de  I'atmosphere  exterieure. 

55 
28.  Une  methode  selon  la  revendication  27,  selon  laquelle  ledit  agent  chimique  est  une  substance 

oxydante. 
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29.  Une  methode  selon  la  revendication  28,  selon  laquelle  ledit  agent  chimique  est  un  liquide. 

30.  Une  methode  selon  la  revendication  27,  selon  laquelle  ledit  corps  du  conteneur  realise  en  resine 
synthetique  est  forme  d'une  resine  synthetique  resistant  a  la  chaleur. 

31.  Une  methode  selon  la  revendication  27,  selon  laquelle  ladite  atmosphere  interieure  estformee  d'un  gaz 
inactif  vis-a-vis  dudit  agent  chimique. 

Patentanspruche 

1.  Veriahren  zur  Herstellung  eines  aus  einem  Kunstharz  bestehenden  und  an  einer  Stelle  mit  mindestens 
einer  dicht  verschlie/3baren  Offnung  versehenen  Behalters,  dadurch  gekennzeichnet,  dafl  man  auf 
mindestens  eine  der  Innen-  und  Au/tenflachen  des  Behalterkorpers  ein  Losungsgemisch  aus  einer 
Siliziumverbindung  der  allgemeinen  Formel  (I) 

OH 

HO--   Si  - -  
i 

.  OH  _ 

H 

m 

( I )  

worin  m  fur  eine  ganze  Zahl  von  1  bis  5  steht, 
und  einer  Siliziumverbindung  der  allgemeinen  Formel  (II) 

HO  -j— 

"  R1 

S i  
i 
r.2 

-   O 

R 

H 

-«  n  

( I I )  

worin  bedeuten: 
n  eine  ganze  Zahl  von  1  bis  5  und  R1  und  R2  unabhangig  voneinander  jeweils  eine  Alkyl-  oder 
Alkoxygruppe  mit  1  bis  4  Kohlenstoffatom(en),  eine  Phenylgruppe  oder  eine  Hydroxylgruppe,  wobei 
jedoch  nicht  gleichzeitig  beide  Reste  R1  und  R2  fur  eine  Hydroxylgruppe  stehen  durfen,  auftragt,  die 
aufgetragene  Schicht  aus  dem  Losungsgemisch  trocknet  und  anschlieflend  die  getrocknete  Schicht  in 
Gegenwart  eines  Gases  eines  sauerstoffatomhaltigen  Molekuls  einer  Plasmabehandlung  unterwirft,  um 
die  Oberflache  des  Behalterkorpers  mit  einem  fortlaufenden  Uberzug  mit  Gasbarriereeigenschaften  zu 
bedecken. 

2.  Verfahren  nach  Anspruch  1,  dadurch  gekennzeichnet,  da/3  man  die  Reaktion  unter  einem  Vakuum  im 
Bereich  von  1  ,33  -  266  Pa  (0,01  -  2,0  Torr)  durchfuhrt. 

3.  Verfahren  nach  Anspruch  1,  dadurch  gekennzeichnet,  daC  das  Gas  eines  sauerstoffatomhaltigen 
Molekuls  Sauerstoff  in  einer  Konzentration  im  Bereich  von  20  -  100%  enthalt. 

4.  Verfahren  nach  Anspruch  1  ,  dadurch  gekennzeichnet,  dafl  die  Reaktionstemperatur  im  Bereich  von  0  - 
150°C  liegt. 

5.  Verfahren  nach  Anspruch  1,  dadurch  gekennzeichnet,  da/3  R1  und  R2  in  der  allgemeinen  Formel  (II) 
unabhangig  voneinander  fur  eine  Alkylgruppe  mit  1  -  4  Kohlenstoffatom(en)  oder  eine  Hydroxylgruppe 
stehen. 

6.  Verfahren  nach  Anspruch  5,  dadurch  gekennzeichnet,  da/3  R1  in  der  allgemeinen  Formel  (II)  fur  eine 
Alkylgruppe  mit  1  oder  2  Kohlenstoffatom(en)  steht  und  R2  in  derselben  allgemeinen  Formel  eine 
Hydroxylgruppe  darstellt. 
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7.  Verfahren  nach  Anspruch  1,  dadurch  gekennzeichnet,  daC  man  die  Plasmabehandlung  0,1  -  60  min 
lang  durchfuhrt. 

8.  Verfahren  nach  Anspruch  1,  dadurch  gekennzeichnet,  da/3  man  als  Kunstharz  ein  durchsichtiges 
Kunstharz  verwendet. 

9.  Verfahren  nach  Anspruch  1,  dadurch  gekennzeichnet,  da/3  man  das  Losungsgemisch  der  Siliziumver- 
bindungen  auf  die  Oberflache  des  Behalterkorpers  mittels  Ultraschallwellen  auftragt. 

10.  Verfahren  nach  Anspruch  1,  dadurch  gekennzeichnet,  da/3  man  den  Behalterkorper  aus  dem  Kunstharz 
vorher  wascht. 

11.  Verfahren  nach  Anspruch  10,  dadurch  gekennzeichnet,  da/3  man  die  Waschbehandlung  in  einer 
wa/3rigen  Losung  durchfuhrt. 

12.  Verfahren  nach  Anspruch  11,  dadurch  gekennzeichnet,  da/3  man  die  Waschbehandlung  mittels  Ultra- 
schallwellen  durchfuhrt. 

13.  Verfahren  nach  Anspruch  1,  dadurch  gekennzeichnet,  da/3  man  den  Kunstharzbehalterkorper  vorher 
wascht  und  das  Losungsgemisch  der  Siliziumverbindungen  auf  die  Oberflache  des  Behalterkorpers 
mittels  Ultraschallwellen  appliziert. 

14.  Verfahren  nach  Anspruch  1,  dadurch  gekennzeichnet,  da/3  man  die  Plasmabehandlung  in  mehrere 
Runden  aufspaltet. 

15.  Verfahren  nach  Anspruch  14,  dadurch  gekennzeichnet,  da/3  man  die  Plasmabehandlung  in  zwei  Runden 
aufspaltet  und  den  zu  behandelnden  Behalter  zwischen  der  ersten  Runde  und  der  zweiten  Runde  der 
Plasmabehandlung  ktihlt. 

16.  Verfahren  nach  Anspruch  1,  dadurch  gekennzeichnet,  da/3  der  Uberzug  aus  einem  durchsichtigen 
Uberzug  besteht. 

17.  Verfahren  nach  Anspruch  1,  dadurch  gekennzeichnet,  da/3  der  Uberzug  eine  Dicke  im  Bereich  von  0,01 
-  2  u,m  aufweist. 

18.  Verfahren  nach  Anspruch  1,  dadurch  gekennzeichnet,  da/3  der  Behalterkorper  aus  einem  rohrenformi- 
gen  Teil  aus  einem  Kunstharz  besteht  sowie  ein  geschlossenes  Ende  und  ein  geoffnetes  Ende 
aufweist,  und  da/3  das  offene  Ende  des  rohrenformigen  Teils  dicht  mit  einem  durchsto/Jbaren  Stopfent- 
eil  verschlossen  ist. 

19.  Verfahren  nach  Anspruch  18,  dadurch  gekennzeichnet,  da/3  es  sich  bei  dem  Behalter  um  ein  Vakuum- 
blutsammelgefa/3  handelt. 

20.  Verfahren  nach  Anspruch  18,  dadurch  gekennzeichnet,  da/3  man  den  Behalter  zusatzlich  durch 
Bestrahlen  sterilisiert. 

21.  Verfahren  nach  Anspruch  20,  dadurch  gekennzeichnet,  da/3  man  mit  Gamma-Strahlen  bestrahlt. 

22.  Verfahren  nach  Anspruch  18,  dadurch  gekennzeichnet,  da/3  das  rohrenformige  Teil  mit  einem  chemi- 
schen  Testmittel  gefullt  ist. 

23.  Verfahren  nach  Anspruch  22,  dadurch  gekennzeichnet,  da/3  das  chemische  Testmittel  aus  einer 
oxidationsempfindlichen  Substanz  besteht. 

24.  Verfahren  nach  Anspruch  23,  dadurch  gekennzeichnet,  da/3  die  oxidationsempfindiiche  Substanz  aus 
einem  flussigen  oder  gelartigen  Kulturmedium  besteht. 

25.  Verfahren  nach  Anspruch  24,  dadurch  gekennzeichnet,  da/3  die  oxidationsempfindiiche  Substanz  aus 
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einem  Antikoaguiationsmittel  besteht. 

26.  Verfahren  nach  Anspruch  18,  dadurch  gekennzeichnet,  da/3  der  durch  den  Behalter  umschlossene 
Raum  unter  einem  Druck  unter  Atmospharendruck  gehalten  wird. 

27.  Verfahren  nach  Anspruch  1,  dadurch  gekennzeichnet,  da/3  der  Behalterkorper  mit  einem  chemischen 
Mittel  gefulit  ist  und  seine  Offnung  zur  Isolierung  der  Innenatmosphare  von  der  Auflenatmosphare 
geschlossen  ist. 

28.  Verfahren  nach  Anspruch  27,  dadurch  gekennzeichnet,  da/3  es  sich  bei  dem  chemischen  Mittel  um  eine 
oxidierende  Substanz  handelt. 

29.  Verfahren  nach  Anspruch  28,  dadurch  gekennzeichnet,  da/3  das  chemische  Mittel  aus  einer  Flussigkeit 
besteht. 

30.  Verfahren  nach  Anspruch  27,  dadurch  gekennzeichnet,  da/3  der  Kunstharzbehalterkorper  aus  einem 
warmebestandigen  Kunstharz  besteht. 

31.  Verfahren  nach  Anspruch  27,  dadurch  gekennzeichnet,  da/3  die  Innenatmosphare  aus  einem  gegenuber 
dem  chemischen  Mittel  inaktiven  Gas  besteht. 

25 



EP  0  164  583  B1 

F / G . l  F I G   .  2 A  

2 -  HI 

2 < H  

H ~ 2  
F I G   .  2 B  

2 -  

2 b -  

F I G .   2 0  

F I G .   5  

F I G   .  3  /  
f  f 

0   f  ) 

13  15  12 

2 5 a  

F I G .   4 A  
^ ^ 2 f   

F | G . 4 B  F I G   . 4 C  

12  1 2 a  12  4 2 b  12a  12 

26 



EP  0  164  583  B1 

27 



P  □  164  583  Bl 

F I G .   8  

*  t  m  i  m  \7\ 

r  

{8  i6  2 0   19  * 4  

1 —   r  

15  i 2  



BP  0  164  583  B1 

F I G . I O A  iOO; 

8 0  

5? 
Z  6 0  
o  

l   4 0  

00  2 0  

m a .  

4 0 0 0  3000  2000  4600  WOO  6 0 0  
WAVE  NUMBER  Ccm-<) 

POLYETHYLENE  S U B S T R A T E  

F I G . I 0 B   100  

4 0 0 0   3000  2000  4600  fOOO  6 0 0  
WAVE  NUMBER  ( c m - 1 )  

SILICONE  COATED  POLYETHYLENE  SUBSTRATE  (NO  PLASMA) 

F I G . I O C   , 0 °  

8 0  

_!  I  1  1  1  1—-  1. 
4 0 0 0   3000  2 0 0 0   1600  1000  6 0 0  

WAVE  NUMBER  ( c r n - t )  
SILICONE  COATED  POLYETHYLENE  SUBSTRATE  W t T ] ^ A s m  

29 


	bibliography
	description
	claims
	drawings

